Introduction
Inflammatory eye diseases (IED), such as uveitis and scleritis, are a significant cause of blindness and visual impairment worldwide [1] [2] [3] [4] [5] . Although corticosteroids remain the mainstay of initial therapy and are effective in the rapid control of IED, the common occurrence of significant side effects related to prolonged systemic corticosteroid therapy and the loss of disease control as the steroid dose is decreased, often necessitates the use of additional immunosuppressive agents [6] . In addition, a proportion of patients have severe ocular disease that is resistant to corticosteroid therapy [7, 8] . The drugs most commonly used as corticosteroid-sparing agents include : azathioprine, methotrexate, mycophenolate and cyclosporine, whilst tacrolimus and cyclophosphamide are used infrequently [8] . All these drugs are associated with the potential for significant side effects and important drug interactions [9] . Recently, biologic agents, including antibodies against cytokines, such as tumor necrosis factor-α, IL-1β, IL-6, anti B (anti-CD20) and T cell antibodies like IL-2R, as well as the cytokine IFN-α have become available to treat patients with uveitis and other inflammatory eye diseases [10, 11] .
The aims of immunosuppressive therapy in patients with IED include: the preservation and/or recovery of vision, relief of associated symptoms, and maintenance of the patient's quality of life. Importantly, this should lead to the prevention of complications of their underlying disease combined with prevention of drug-related adverse events and complications, particularly those from unnecessary high maintenance doses of (>7.5 mg/day) corticosteroid therapy [6, 12] . An essential component in achieving these aims is a careful and considered assessment and planning process. Such an assessment would normally be carried out in parallel with investigations into the etiology of the patient's inflammatory eye disease and typically after the commencement of high dose systemic corticosteroid therapy, as the majority of patients present with acute vision-threatening inflammation that requires urgent therapy. There are previous publications and reports of the evaluation and assessment of patients before starting immunosuppressive or biological therapy, although there have been no systematic reviews or expert guidelines developed for patients with IED [8, 13] .
The primary objective of these recommendations is to assist ophthalmologists and physicians caring for patients with IED and provide a framework to help guide baseline information gathering about patients prior to commencing systemic immunosuppressive therapy. These recommendations are summarized in Table 1 and are designed for physicians and members of the clinical team caring for patients with IED who require systemic immunosuppressive and/or biologic therapy and are not meant to be prescriptive or essential in all cases. It is the responsibility of the treating ophthalmologist or internist to decide on the appropriate investigations for the individual patient, and such considerations will be based on experience, socioeconomic and geographical considerations, as well as availability of tests and cost. Methodology A 12-person panel of physicians and scientists with expertise in ophthalmology, pediatrics, infectious disease, rheumatologic disease, research, and the use of immunosuppressive drugs in patients with IED, drafted the initial recommendations, which were subsequently reviewed by members of an extended panel.
The pre-treatment evaluation of patients with IED is instituted at the time of diagnosis in parallel with diagnostic evaluation and prior to commencing immunosuppressive (IS) therapy. The aims of this pre-treatment evaluation are to establish a baseline of vital organ function; ensure there are no associated systemic inflammatory, malignant, infective, gastrointestinal or psychological disorders that may be reactivated or exacerbated by IS therapy; and evaluate the patient's risk for drug interaction and potential severe treatment-limiting side effects. Table 2 summarizes an approach to the pre-treatment evaluation of patients with IED prior to commencing systemic IS therapy. It outlines the important considerations, relevant features and investigations to be considered based on a careful clinical assessment. The table is not meant to be comprehensive or to replace good clinical judgment but is intended to serve as a guide to ensure due consideration is given to relevant and important aspects of the management of patients requiring systemic immunosuppressive therapy. The table does not relate to the investigation of patients required to establish an underlying cause for the IED, particularly infectious causes of IED. The development of suitable questionnaires may facilitate the pre-treatment assessment of patients with IED.
Infections that may be exacerbated or reactivated as a result of systemic immunosuppressive of biological therapy include: TB, HBV, HCV and HIV. These infection risks should be assessed or excluded before commencing such therapy. Infections, such as TB, require therapy to allow safe use of IS therapy [13, 15, 16] . The patient's immune status and immunization history are important in planning on-going prevention of infection whilst on immunosuppressive therapy (see recommendation 4).
As most immunosuppressive drugs have the potential to cause or exacerbate hematological problems, it is essential to perform a baseline blood count, including red and white blood cells and platelet counts. Similarly, as most IS drugs are metabolized and/or secreted by the liver and/or kidney, it is essential to ensure there is normal hepatorenal function before commencing such therapy. These organs may also be adversely affected by IS medications, particularly cyclosporine and it is important to measure baseline and on-going organ function during the course of treatment.
Most treatment regimens include chronic use of low dose corticosteroids affecting bone density [17] . Therefore bone densitometry and appropriate supplement with vitamin D and calcium are important considerations to avoid subsequent morbidity [18] (see recommendation 3). Dietary advice is appropriate for patients with diabetes and obesity and patients with a history of gastro esophageal reflux or peptic ulcer disease may benefit from treatment with a proton pump inhibitor.
Evaluating cardiovascular risk factors and endocrine status (e.g. hypertension, obesity, diabetes and thyroid disease) are important as chronic corticosteroid use may also lead to elevation of total cholesterol, glucose intolerance, increased blood pressure and weight gain. Assessment of cardiovascular risk factors in patients with associated systemic disorders, such as systemic lupus erythematosus and rheumatoid arthritis, is especially vital as they are associated with endothelial cell dysfunction and unregulated pro-inflammatory cytokines, resulting in accelerated risk of atherosclerosis and its complications [19] .
As an integral part of the initial assessment of the patient, it is important to consider pre-existing or recent malignancy or pre-malignant lesions that may be exacerbated by IS therapy [20] . Although a long term study did not reveal an increased rate of death related malignancies in patients on long term IS therapy for IED a recent study revealed that such patients have an increased risk of skin, cervical and lymphoid malignancies and patients should be screened for the presence of such neoplasms before commencing IS therapy [21, 22] . This is best achieved by a careful history, examination and targeted investigations.
It is important to consider the presence of autoimmunity and/or autoantibodies for two reasons. Firstly, certain autoimmune diseases may be associated with IED (e.g. rheumatoid arthritis (RA), systemic lupus erythematosus [23] (SLE), ANCA-associated vasculitis (e.g. Granulomatous Polyangiitis, GPA etc.)) and; secondly, some biological agents, such as TNF inhibitors, rituximab and IFNalpha, may induce the production of autoantibodies [24] . TNF and IL-6 inhibitors should be avoided in patients with a history of central demyelinating disease and should be used with great caution in patients carrying a risk for demyelination, such as patients with intermediate uveitis [25] .
Drug interactions are a critical factor in long-term systemic IS therapy and it is vital that this is evaluated both at the initial assessment and regularly during the patient's treatment program. All IS drugs have significant potential for serious drug interactions, especially when used in combination, and these are outlined in Table 3 for conventional immunosuppressants and in Table 4 for biologic agents [26] .
The patient's reproductive capacity and desire to have children should be discussed and evaluated, and potential drug side effects that may interfere with this function should be appraised [9, 27, 28] . This is mainly an issue in alkylating agent therapy, and consideration should be given to sperm or ovum banking. Such patients require referral to a specialist physician or gynecologist.
There are a number of other immunosuppressive drugs, such as methotrexate and mycophenolate, which are contraindicated in pregnant woman [28] .
Recommendation 2.
An extended consultative approach to management of patients with associated systemic disease is recommended.
The treatment of patients with severe uveitis is best managed by ophthalmologists experienced in the management of IED, in some circumstances this can be combined with the consultative input from internists experienced in the management of systemic inflammatory disorders and the use of immunosuppressive and biological drugs. Immunosuppressive therapy instituted to treat systemic disease will often control the associated uveitis [8, 11] . In other cases, exacerbation of uveitis may be the first indication that the underlying systemic disease is not under adequate control. Experienced internists can contribute significantly to the management of patients with chronic uveitis and other IED's by detecting and treating malignancies or infections, which may produce a masquerade syndrome or complicate immunosuppressive therapy.
The treatment of patients with IED has undergone significant change in recent times. These changes include: more aggressive and early treatment of patients with immunomodulatory therapy in order to maintain vision and achieve a rapid remission (e.g. in patients with Behcet's disease); the introduction of new immunosuppressive agents that have significantly decreased morbidity; the increasing use of combination immunosuppressive therapy and biological agents in patients with severe and refractory ocular inflammatory disease (e.g. in children with JIA associated uveitis); and the increasing recognition of the potential paradoxical contribution of immunosuppressive therapy to the morbidity of certain inflammatory disease processes through the increased cardiovascular and oncogenic risks associated with their use [21, 29] . The detection and management of such complications requires close collaboration between the treating ophthalmologist and other relevant specialist physicians. It is important to measure baseline bone density in patients prior to or soon after the initiation of systemic corticosteroid therapy as up to 10% of bone mineral loss may occur in the first 3-6 months of systemic corticosteroid therapy [30, 31] . Pre-existing osteoporosis should be treated to prevent worsening of this disease, as outlined below. Although the 54 month MUST study did not reveal a high prevalence of osteoporosis in patients treated with systemic corticosteroids it is recommended that the management of osteoporosis or osteopenia in patients commenced on high-dose or prolonged corticosteroid therapy should be treated in accordance with established evidence based guidelines [32] . The American College of Rheumatology (ACR) has developed guidelines for the assessment, prevention and treatment of glucocorticoidinduced osteoporosis [30, 32, 33] . These guidelines were developed by an expert committee and based on available evidence from the literature. As there has been no similar attempt to develop such guidelines for patients with IED, it is recommended that the ACR guidelines be used to help monitor and manage the risk of increased bone loss and osteoporosis. Measures should be implemented as early as possible to decrease the risk of bone loss in patients treated with corticosteroids. An increased risk of fracture has been reported with doses of prednisone or its equivalent as low as 2.5 to 7.5 mg daily [31] . Often, there are no clinical manifestations until there is a fracture. All patients taking any dose of corticosteroid with an anticipated duration of ≥3 months require an evaluation, which includes assessment of clinical risk factors for fracture, BMD (dual-energy x-ray [DEXA scan]) of the hip and spine, and measurement of serum 25-hydroxyvitamin D.
Active measures should be employed to decrease bone loss. All patients should be encouraged to do weight-bearing exercises, avoid smoking, excess alcohol consumption and take positive measures to prevent falls (Table 5) . Patients receiving any dose of chronic corticosteroid therapy or initiating corticosteroids with an anticipated duration of ≥3 months should take calcium (1200 mg daily), and vitamin D (800 IU daily) [30] .
It is recommended that men over 50 years and postmenopausal women, who are receiving or are about to commence systemic corticosteroid therapy (any dose for any duration), should receive osteoporosis treatment if one of the following criteria is fulfilled [30] :
• having an established osteoporosis (T-score ≤-2.5 or history of fragility fracture) • bearing a risk to develop osteoporosis (T-scores between -1.0 and -2.5)
In centers in which FRAX measurement is available postmenopausal women and men over 50 years who have a low FRAX calculated absolute risk should receive appropriate therapy if they are taking ≥7.5 mg/day of prednisone or its equivalent for ≥3 months. This approach will vary between countries and recommendations and guidelines issued by different international groups and the availability of DEXA scans and FRAX measurement. Although estrogen replacement therapy has been demonstrated to prevent bone loss in postmenopausal women receiving systemic corticosteroid therapy, estrogen-progestin therapy is not recommended for the prevention or treatment of osteoporosis in postmenopausal women because of increased risk of breast cancer, stroke, venous thromboembolism and coronary artery disease [30] .
Recommendation 4.
Special considerations are essential in the pre-treatment assessment and management of children, pregnant women and older patients.
Children
Because of the potential risk of growth retardation in children treated with prolonged high-dose corticosteroids, they should have their height and weight recorded on a growth chart that should be kept up-to-date during therapy, by measuring these at each visit [34, 35] .
An increasing number of systemic drugs have been used to treat children with severe IED. These include: corticosteroids, methotrexate, azathioprine, mycophenolate, cyclosporine, sulfasalazine and TNF inhibitors. In contrast, cyclophosphamide and other alkylating agents should be avoided in children.
There is limited data for some of the newer biological agents and their use in children. The long-term effects on children exposed to these medications have not been extensively studied and such information will be invaluable in informing future therapy in this particular patient group. Appropriate immunization to prevent infections in children is crucial to initial and long-term management and is discussed below [36] .
Pregnant women A number of systemic drugs have been used to treat pregnant women with severe IED. These include: corticosteroids, azathioprine, cyclosporine, sulfasalazine, TNF inhibitors and interferons [28] . Methotrexate, cyclophosphamide, chlorambucil and mycophenolate should be avoided in pregnant women because of teratogenic issues [28] . There is limited data for some of the newer biological agents and their use in pregnancy. Non-steroidal anti-inflammatory drugs should be avoided in pregnant woman as they may result in the premature closure of the patent ductus arteriosus in the fetus.
Women and men wishing to have children
Men and women with childbearing potential should be counseled prior to treatment with cyclophosphamide, chlorambucil, methotrexate and mycophenolate about the risk of infertility, and of premature menopause (primary ovarian insufficiency) in women [28] . Whenever possible, all patients should meet with a reproductive or infertility specialist prior to therapy with cyclophosphamide. Cryopreservation of semen is usually the preferred fertility-preserving measure in men. Women may be offered cryopreservation of embryos or oocytes, although undergoing egg harvesting is often impractical in seriously ill patients.
Older patients
The burden of uveitis in older subjects is higher than previously appreciated. Interestingly, data from 3 studies of causes of uveitis in older patients indicated the disease was most often idiopathic in etiology and that an infectious cause was more prominent in young patients [37] [38] [39] . Masquerade syndromes, such as intraocular lymphoma, are more common in older patients [40] . Comorbidities may contribute to severe uveitis in the elderly, including associated autoimmune diseases, cardiovascular disease and diabetes. Older pa-tients are more susceptible to the effects of systemic therapy, particularly corticosteroid therapy, which may be associated with osteoporosis, diabetes, hypertension, muscle wasting and raised intraocular pressure. There have been no long-term studies of the effect immunosuppressive therapy in older patients and this represents an unmet need in this group of patients [41] .
The SITE Cohort Study, the MUST Trials, and several other publications have provided valuable information with regards to the safety and side effect profile of systemic immunosuppressive therapy in adult patients [6, 32, 35, [42] [43] [44] .
The most commonly used corticosteroid sparing medications, such as azathioprine, methotrexate, mycophenolate and cyclosporine, are associated with an "acceptable" side effect profile. In contrast, alkylating agents, such as cyclophosphamide, have an "unacceptable side effect profile" when used for prolonged periods of time. The SITE and MUST studies also have provided valuable information with regards to the effectiveness of systemic immunosuppression including the surprisingly infrequent occurrence of significant side effects. The data indicates that these drugs are effective and safe for suppressing ocular inflammation if used according to guidelines.
The SITE study indicated a low or negligible risk of malignancy causing death in patients on long-term immunosuppression for inflammatory eye disease [35] . In contrast, a recent Australian study found an increased risk of skin and cervical cancer in patients on long-term immunosuppressive therapy and has implications for the pre-treatment evaluation of patients treated with longterm immunosuppression [21] . The data with respect to biological agents, particularly TNF inhibitors, is promising thus far and these drugs do not seem to be associated with an increased risk of malignancy based on the rheumatological literature [45] . All patients should be evaluated at baseline to assess their risk of exacerbating or developing a malignancy, particularly patients with a recent history of malignancy, such as females with breast cancer. The need for more information with regards to the long-term effects of immunosuppressive therapy, although difficult, is needed and prospective studies, and registry studies to record the prevalence of complications, such as malignancy, should be pursued [29] .
Recommendation 5.
Review of infection risk and immunization status should be made prior to commencing systemic immunosuppressive and/or biologic therapy. Established evidence-based international guidelines, such as the CDC guidelines, should be followed in assessing and managing immunization in patients with IED treated with systemic immunosuppressive and biological therapy.
Disease-specific guidelines for immunization and prevention of infections have not been developed for patients with IED and the expert panel recommends that evidence-based guidelines developed by the Centre for Disease Control (CDC) (www.cdc.gov/vaccine/hcp/acip-recs.html) and Infectious Disease Society of America (IDSA) should be followed [46] . Several other expert groups, including the ACR, have developed guidelines for immunization of pa-tients before and during therapy with immunosuppressive and biologic therapy and these provide helpful information in the management of patients with IED. The principles outlined in the CDC guidelines are summarized in Table 6 . In general, and if possible, patients should be vaccinated before commencing immunosuppressive therapy. However, this usually will involve waiting at least a month before being able to start immunosuppressive or biologic therapy after immunization with a live viral or bacterial vaccine and this is not usually possible in subjects with vision threatening disease. Initiation of immunosuppression should not be delayed to facilitate vaccination if immediate treatment is needed. VZV is of significant importance in patients on immunosuppressive therapy because of the potential severity of this infection. There have been no published studies of VZV vaccination in patients with IED treated with immunosuppression. An expert panel of the ACR has endorsed the recommendation that VZV vaccination is safe in adults receiving less than 20 mg of prednisone per day or other low-level immunosuppression [47] . Varicella immunization should be administered to patients with chronic inflammatory disorders who are aged ≥60 years or who are aged 50-59 years and varicella positive, prior to initiation of immunosuppression or being treated with low-dose immunosuppression. Other live vaccines should not be administered to patients with severe IED on IS therapy (Table 6 ).
Patients with chronic inflammatory disease (such as IED), who are being treated or about to be treated with immunosuppressive agents, should be encouraged to keep their immunization to influenza, pneumococcus, haemophilus and HBV up to date. The Infectious Diseases Society of America (IDSA) recommends that inactivated vaccines, including influenza, should be administered to these patients based on the CDC annual schedule [48] .
Any recommended vaccines should not be withheld because of concerns about exacerbation of chronic immune-mediated or inflammatory illness [48] . Prospective studies in children with inflammatory bowel disease (IBD) and uncontrolled studies in patients with chronic inflammatory rheumatic disease, treated with immunosuppressive therapy, indicate that such patients develop an adequate and protective immune response to influenza vaccine [49] . In adult patients with rheumatoid arthritis or SLE the immune response to influenza vaccine was reduced in subjects receiving azathioprine, infliximab and rituximab [50] . Patients were able to tolerate influenza vaccine without serious adverse effects and vaccination was not associated with disease exacerbation. Similarly, in a few studies in which pneumococcal vaccine has been tried in patients with rheumatoid arthritis treated with anti-TNF therapy and methotrexate, a reduced immune response to the vaccine was detected [51] . Patients receiving rituximab also had a reduced immune response. Both groups of patients had similar responses to vaccination with tetanus toxoid. It would be anticipated that patients with severe IED on such therapy would show a similarly reduced response but such vaccines should not be withheld [51] .
Recommendation 6.
Evidence-based data and recommendations from expert committees should be used in selecting appropriate systemic therapy for patients with IED and this should inform the pre-treatment assessment.
Extensive experience in the use of immunosuppressive drugs in the treatment of a variety of diseases, particularly systemic rheumatologic and autoimmune/auto-inflammatory diseases, has resulted in significant changes in the therapeutic approaches to severe inflammatory eye disorders. Expert panels have published guidelines for the use of immunosuppressive drugs and biologicals in patients with ocular inflammatory disorders and these recommendations represent a consensus amongst experienced physicians and ophthalmologists [8, 13] . The recommended therapeutic approach is to individualize treatment for patients based on a number of parameters including: the specific ocular syndrome (e.g. Behcet's disease, Birdshot retinopathy etc.), the severity of their eye disease (e.g. anterior or posterior, bilateral and unilateral), age of the patient, associated systemic inflammatory disease (e.g. inflammatory Bowel disease, sarcoidosis), systemic co-morbidities (e.g. diabetes, osteoporosis, renal disease, liver disease, hypertension and heart disease) and the patient's life-style and general preference. Specific therapies necessitate specific pre-treatment assessment and monitoring as outlined in Table 4 .
Evidence based information should guide specific IS therapy in well-defined, non-infectious uveitis entities, such as Behcet's disease, systemic vasculitis, sarcoidosis, Birdshot retinopathy and Vogt Koyanagi Disease (VKHD). Although it would be useful to apply evidence-based medicine in the approach to immunosuppressive therapy for inflammatory eye disease, this is not always possible. There are only a few well-controlled, randomized, doublemasked trials comparing different immunosuppressive regimens in the treatment of ocular inflammatory disorders [52] .
Recommendation 7.
Regular review, monitoring, patient education and preservation of quality of life are an essential component of therapy.
Patients require review at frequent intervals during the early stages of treatment to ensure that they are adequately immunosuppressed, the disease is responding appropriately and they do not manifest any side effects from the immunosuppressive treatment. The clinical response should be assessed and objective measures taken to ensure an adequate disease response is achieved. The lymphocyte count is maintained between 500-1000 cells/µl in patients on therapy that induces lymphopenia, such as azathioprine and cyclophosphamide. Patients need to be monitored carefully for drug interactions during the course of their immunosuppressive therapy. Such drug interactions are common, particularly in the elderly [26] (see Table 3 ).
It is often difficult at the outset to establish a time frame for therapy. Therefore the overall aim should be to use the lowest dose of systemic corticosteroids for the shortest possible period of time. Steroid-sparing therapies should be employed with the aim of minimizing the potential for iatrogenic effects and maintain the IED in remission [13, 23] . A study by Kalinina and colleagues indicated that in children with JIA and chronic uveitis a high number of patients with inactive uveitis relapsed quickly after the withdrawal of MTX . They observed that a longer period of inactivity (2 years) prior to withdrawal and a longer treatment period with methotrexate (3 years) reduced the chance of relapse after drug withdrawal [53] .
It is imperative that the physician inform and educate the patient and family, as well as the patient's primary care physician, with regard to the nature of the person's disease, the aims of therapy and the potential for problems associated with immunosuppressive therapy.
Data from QoL studies in patients with uveitis are unfortunately limited, but point to the need for strategies to improve patients' circumstances and to overcome the real and perceived problems associated with a chronic debilitating disease and the effects of systemic immunosuppression [54, 55] . (Table 2) to prevent or minimize therapy and disease-related complications.
2. An extended consultative approach to management of patients with associated systemic disease is recommended.
3. Patients treated with high-dose and prolonged systemic corticosteroids (>3 months) should have a baseline bone density and fracture risk assessment, which should be repeated at regular intervals in patients on long term glucocorticoid therapy. Patients with evidence of significant bone loss and/or osteoporosis should have treatment to prevent further bone loss as early as possible after commencing corticosteroid therapy (Figure 1 ).
4. Special considerations are essential in the pre-treatment assessment and management of children, pregnant women and older patients.
5. Review of infection risk and immunization status should be made prior to commencing systemic therapy. Established evidence-based international guidelines, such as the CDC guidelines, should be followed in assessing and managing immunization in patients with IED being treated with systemic immunosuppressive and biological therapy.
6. Evidence-based data and recommendations from expert committees should be used in selecting appropriate systemic therapy for patients with IED and this should inform the pre-treatment assessment.
7. Regular review, monitoring, patient education and preservation of quality of life are essential components of therapy. 
Neoplasia
Previous malignancy or present skin, cervical tumors, lymphoma Abnormal Pap smear (HPV).
Examine skin, cervix, lymph nodes/spleen etc. Pap smear (HPV).
Autoimmune (biologicals)
Autoimmune disease features, particularly before use of biologics. Symptoms suggestive of demyelinating illness ANA, ENA, DNA, ACL (B2 GPI), ANCA. Urine test for blood, casts and protein.
Immunoglobulins and Immunoelectorphoresis. MRI brain-particularly in patients with intermediate uveitis.
Medications
Existing therapy, drug interactions, drug allergies and adverse reactions.
Check for interactions and allergy-IgE specific tests and skin tests only if allergies are reported.
Immunization /vaccination
Immunization history, immune status and need for preimmunosuppression vaccination.
Serology tests for specific infections (HBV, VZV, pneumococcus).
Special risk groups
Children -drug dosages, immunization and long-term effects. Pregnancy and planned pregnancy -contraception, lactation and teratogenicity risk. Elderly -co-morbidities, polypharmacy and drug interactions. 
